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Uvod
U forenzičkim znanostima procjena kronološke dobi vrlo 
je važna i to ne samo u procesu prepoznavanja trupala. Nai-
me, njezina je važnost posljednjih godina sve veća i kad je ri-
ječ o živim jedinkama, posebno zbog sve izraženijeg fenome-
na imigracije i trgovine ljudima bez dokumenata (1, 2, 3, 4).
Kronološka i biološka dob različiti su pojmovi, pri čemu 
se prva odnosi na vrijeme proteklo od rođenja mjereno u je-
Introduction
In Forensic Sciences the estimation of chronological age 
has achieved an important role in forensic cases, not only 
in the process of cadaver identification. Namely, its impor-
tance and use in living individuals has also expanded in re-
cent years, particularly due to the increasing phenomenon of 
immigration and sexual abuse of undocumented trafficked 
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Chronological aging and biological aging are quite dis-
tinct concepts; the first one relates to the time elapsed since 
birth, and is measured in the units of time, extending to any 
point in time being used in a research and development mon-
itoring as a legal measure of grouping individuals. The sec-
ond, apart from other methods, refers to bone age, dental 
age and sexual age; In this case, the age is being estimated 
from the analysis of the maturation of one or more tissues 
or organs, such as bones or teeth, wherein maturation is as-
sessed by the occurrence of an event or a sequence of irrevers-
ible events which are subsequently compared to normal stan-
dards (5, 6, 7).
Dental development has several structural changes 
throughout life that make them good age indicators, and 
their mineralization and eruption are less affected by endo-
crine, environmental and nutritional changes, compared to 
bone markers, thus being extremely significant and funda-
mental in estimating age (8, 9, 10, 11).
Dental radiographs have been used for dental age estima-
tion, proving to be an important source of information for 
Forensic Dentistry (12). Several methods, developed by dif-
ferent authors, have used periapical radiographs and/or or-
thopantomograms (OPGs), which are less expensive and fast-
er compared to other methods (10, 13, 14), but no method 
is 100% accurate mainly due to the systematic errors inher-
ent to each method, the intra - and inter - observer variability 
(15) and factors related to ethnicity, socioeconomic level and 
pathological alterations, leading to situations of overestima-
tion or underestimation (6, 16, 17).
The difficulty arises when it comes to individuals with 
special needs, be it due to a syndrome or other conditions 
which may modify the expected dental development (18, 
19). Chromosomal disorders and syndromes arising from nu-
merical and structural defects of chromosomes often include 
manifestations affecting the craniofacial region, and many of 
these chromosomal and multifactorial disorders have charac-
teristic oral manifestations, such as multiple ageneses and a 
late eruption of the deciduous dentition and permanent den-
tition (6, 18, 20, 21, 22). The prevalence of births with chro-
mosomal anomalies was 34.8 cases/10000 births, Down’s 
syndrome being the group of congenital anomalies with a 
higher prevalence (19.6 cases/10000 births) (23, 24).
There are several methods of age estimation through the use 
of radiography, including the Atlas of London (25) which has 
already been applied to several populations, including the Por-
tuguese population (16,26), in the normal population with no 
systemic diseases. In this way, the objective of this research is to 
validate the London Atlas by means of panoramic radiographs, 
in a population with both physical and mental congenital de-
ficiencies in order to be able to estimate chronological age in a 
forensic context, mainly in living children and young adults.
The main objective of this research was to estimate the 
chronological age of a population with special needs at the 
University of Lisbon in two different institutions, through 
the application of the London Atlas based on the analysis of 
orthopantomograms with the scope of a future application in 
the forensic field. Experimental hypotheses were established, 
where the null hypothesis revealed the absence of statistically 
dinicama vremena i proteže se do bilo kojeg trenutka koji 
se koristi u praćenju istraživanja i razvoja kao pravna mjera 
grupiranja pojedinaca. Druga se odnosi na koštanu, zubnu i 
spolnu dob, a procjenjuje se analizom sazrijevanja jednoga ili 
više tkiva ili organa, poput kostiju ili zuba, pri čemu se sazri-
jevanje ocjenjuje događajem ili nizom nepovratnih događaja 
koji se uspoređuju s normalnim standardima (5, 6, 7).
U razvoju zuba tijekom života nekoliko je strukturnih 
promjena pa su oni dobri pokazatelji dobi, a na njihovu mi-
neralizaciju i erupciju manje utječu endokrine, ekološke i 
prehrambene promjene u usporedbi s koštanim markerima. 
Dakle, razvoj zuba iznimno je važan u procjeni dobi (8, 9, 
10, 11).
Stomatološke rendgenske snimke korištene za procjenu 
starosti zuba pokazale su se važnim izvorom informacija u fo-
renzičkoj stomatologiji (12). Nekoliko metoda koje su pred-
ložili različiti autori temelje se na periapikalnim snimkama i/
ili ortopantomogramima (OPG) koji su jeftiniji i brži u us-
poredbi s drugim metodama (10, 13, 14), ali nijedna nije 
100 % točna, uglavnom zbog sustavnih pogrešaka svojstve-
nih svakoj od njih, varijabilnosti unutar ispitivača i između 
njih (15) i čimbenika povezanih s etničkom pripadnošću, so-
cijalno-ekonomskim statusom i patološkim promjenama, što 
rezultira precijenjenom ili podcijenjenom dobi (6, 16, 17).
Poteškoće se pojavljuju kod pojedinaca s posebnim po-
trebama, bilo da je riječ o sindromu ili drugim stanjima ko-
ja mogu izmijeniti očekivani dentalni razvoj (18, 19). Kro-
mosomski poremećaji i sindromi nastali zbog numeričkih i 
strukturnih oštećenja kromosoma često obuhvaćaju manife-
stacije koje utječu na kraniofacijalnu regiju, a mnogi od kro-
mosomskih i multifaktorskih poremećaja imaju karakteri-
stične oralne manifestacije poput multiple ageneze i kasne 
erupcije mliječnih i trajnih zuba (6, 18, 20, 21, 22). Preva-
lencija osoba rođenih s kromosomskim anomalijama iznosila 
je 34,8 slučajeva na 10 000 rođenja, a Downov sindrom sku-
pina je urođenih anomalija s većom prevalencijom (19,6 slu-
čajeva na 10 000 rođenja) (23, 24).
Nekoliko je metoda za procjenu dobi s pomoću radiološ-
kih nalaza, uključujući i Londonov atlas (25) koji je već pri-
mijenjen na nekoliko populacija, pa i na portugalsko stanov-
ništvo (16, 26) u normalnoj populaciji bez sistemskih bolesti. 
Zato je cilj ovog istraživanja bio validirati Londonov atlas s 
pomoću panoramskih rendgenskih snimki u populaciji ko-
ja ima prirođene fizičke i psihičke nedostatke, kako bi se u 
forenzičkim okolnostima mogla procijeniti kronološka dob, 
uglavnom žive djece i mladih odraslih.
Glavni cilj ovog istraživanja bio je procijeniti kronološ-
ku dob populacije s posebnim potrebama na Lisabonskom 
sveučilištu u dvjema različitim institucijama i to primjenom 
Londonova atlasa temeljenog na analizi ortopantomograma. 
Postavljene su i eksperimentalne hipoteze, pa tako nulta hi-
poteza pretpostavlja nedostatak statistički značajnih razlika, a 
alternativna hipoteza postojanje statistički značajnih razlika. 
Zato su predložene sljedeće eksperimentalne hipoteze:
1) razlika između kronološke dobi i procijenjene dentalne 
dobi (procjena točnosti)
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significant differences and the alternative hypothesis revealed 
the existence of statistically significant differences. Hence, the 
following experimental hypotheses were formulated:
1) Difference between chronological age and estimated den-
tal age (assessment of the accuracy of estimates)
2) Difference in the accuracy of estimates between under 
and over 16 years of age.
As secondary goals, the following experimental hypothe-
ses were established:
1) Difference in the accuracy between left side and right side 
estimates
2) Difference in the accuracy of estimates between genders
3) Difference in the accuracy of estimates between patients 
with systemic diseases with dental repercussions and 
those without dental repercussions.
Materials and methods
The clinical records for this research from the two insti-
tutions were collected from the Pre-Graduation Clinics in 
Dental Medicine, Oral Hygiene, in the Department of Post-
Graduation in Orthodontics and in the Service of Stoma-
tology of Centro Hospitalar Lisboa Norte (HSM), both in-
stitutions of the University of Lisbon. The population was 
selected through a systematic sampling process and it com-
prised a minimum of 100 subjects of both genders, aged be-
tween 2.5 and 23 years, all with an OPG. The experimental 
protocol was evaluated and approved by the Ethics Commit-
tee of Faculty of Dental Medicine University of Lisbon (FM-
DUL), Figure 1.
The included dental parameters refer to the presence of 
healthy teeth that are in the period of mineralization and 
eruption, since the identification parameters relate to the ag-
es between 2.5 years and 23 years. Conversely, the exclusion 
dental parameters refer to the presence of extensive dental 
caries lesions, direct or indirect restorations, trauma or den-
tal fracture, periodontal disease, dental rotations, dental reha-
bilitation with fixed prosthesis, orthodontic appliance, inter-
nal or external dental resorption, calcification, pulp fibrosis 
or periapical pathology and endodontic treatment. The ex-
clusion parameters refer to the presence of dental overlaps, 
which interferes with the application of the London Atlas 
and distortion on the radiograph.
For this study a sample of 163 orthopantomograms (76 
female and 87 male) from two institutions, FMDUL (112 
OPGs) and HSM (51 OPGs), were collected from 133 pa-
tients (60 females and 73 males) aged between 4 and 23 years 
(Figure 2). Two dental age estimates were computed by the 
London Atlas for each orthopantomogram, first using on-
ly the left side (LS) of the maxilla and then using only the 
right side (RS) of the maxilla. Those two estimates were per-
formed independently to avoid one estimate influence anoth-
er. The intraobserver and interobserver agreements were eval-
uated using the intra-class correlation coefficient (ICC) (27). 
For intraobserver agreement, a reanalysis of 10% (n=17) of 
the observations of the total sample was conducted after the 
period of 3 months. For the interobserver agreement, all esti-
mates were performed independently by two observers. The 
Kao sekundarni ciljevi postavljene su sljedeće eksperi-
mentalne hipoteze:
1) razlika u točnosti procjene na lijevoj i desnoj strani
2) razlika u točnosti procjene između spolova
3) razlika u točnosti procjene između pacijenata sa sistem-
skim bolestima s posljedicama i bez posljedica na zube.
Materijali i metode
Za ovo istraživanje prikupljeni su klinički zapisi iz dviju 
institucija – Klinike za dentalnu medicinu, Odjela za poslije-
diplomske studije i Službe za dentalnu medicinu Bolničkoga 
centra Lisboa Norte (HSM-a). Obje djeluju u sklopu Sveu-
čilišta u Lisabonu. Populacija je odabrana sustavnim postup-
kom uzorkovanja i sastojala se od najmanje 100 slučajeva pa-
cijenata obaju spolova u dobi između 2, 5 i 23 godine i svi su 
imali OPG. Eksperimentalni protokol ocijenilo je i odobrilo 
Etičko povjerenstvo Stomatološkog fakulteta Sveučilišta u Li-
sabonu (FMDUL-a), slika 1.
Parametri za sudjelovanje odnosili su se na prisutnost 
zdravih zuba u razdoblju mineralizacije i erupcije, a identi-
fikacijski parametri na dob između 2,5 i 23 godine. Parame-
tri za isključivanje bili su opsežne karijesne lezije, direktne ili 
indirektne restauracije, trauma ili fraktura zuba, parodontna 
bolest, rotacije zuba, fiksnoprotetički nadomjestci, ortodont-
ski aparat, unutarnja ili vanjska zubna resorpcija, kalcifikaci-
ja, fibroza pulpe ili periapikalna patologija i endodontsko li-
ječenje. Radiografski parametri za isključivanje odnosili su se 
na preklapanja koja su ometala primjenu Londonova atlasa i 
izobličenja na snimci.
Za ovo istraživanje prikupljen je uzorak od 163 orto-
pantomograma (76 od djevojčica i djevojaka i 87 od dječa-
ka i mladića) iz dviju ustanova – FMDUL-a (112 OPG-a) i 
HSM-a (51 OPG), od 133 pacijenta (60 djevojčica i djevo-
jaka i 73 dječaka i mladića) u dobi između 4 i 23 godine (sli-
ka 2.). Dentalna dob izračunata je s pomoću Londonova atla-
sa za svaki ortopantomogram, najprije samo na lijevoj strani 
(LS-u) maksile, a zatim na njezinoj desnoj strani (DS-u). Te 
dvije procjene obavljene su neovisno tako da jedna nije utje-
cala na drugu. Podudarnost unutar ispitivača i između njih 
ocijenjena je korištenjem interklasnog koeficijenta korelaci-
je (ICC-a) (27). Za podudarnost unutar ispitivača provede-
na je ponovna analiza 10 % (n = 17) slučajeva od ukupnog 
uzorka nakon razdoblja od tri mjeseca. Za podudarnost izme-
đu ispitivača, sve su procjene neovisno obavila dva ispitiva-
ča. Usporedba između procjene dobi na desnoj i lijevoj strani 
maksile obavljena je primjenom varijabli Dif_Right_Left (ra-
zlika između procijenjene dobi na temelju DS-a i procijenje-
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comparison between the use of the right side and left side of 
the maxilla for age estimation was performed using the vari-
ables Dif_Right_Left (difference between the estimated age 
based on the RS and the estimated age based on the LS, in 
months) and Abs_ Dif_Right_Left (absolute value of Dif_
Right_Left). The variables Dif_Right_Real (difference in 
months between the estimated age based on the RS and the 
chronological age) and Abs_ Dif_Right_Real (absolute value 
of Dif_Right_Real) were computed to assess the accuracy of 
the estimates by the London Atlas using the RS. Likewise, for 
the LS estimates, the variables Dif_Left_Real (difference in 
months between the estimated age based on the LS and the 
chronological age) and Abs_Dif_Left_Real (absolute value 
Dif_Left_Real) were computed. Since the t-test should on-
ly be used in variables with normal distribution (which has 
not proven to be the case in this research due to the rejection 
of the null hypothesis in the application of the Kolmogorov-
Smirnov test in all variables), the Wilcoxon’s non-parametric 
test was applied to compare the medians.
Results
Intraobserver	and	interobserver	agreements
The intra-observer ICC value was 0.956 and 0.977 for 
the RS and LS (Figure 3), respectively, which indicates an ex-
cellent agreement, where the 95% confidence interval ranged 
between 0.886 and 0.984 (RS) and between 0.938 and 0.991 
(LS). In the interobserver reliability, ICC for the RS is 0.923 
and for the LS was 0.927 (Figure 4), with a 95 per cent con-
fidence interval ranging between 0.895 and 0.944 (RS) and 
0.9 and 0.947 (LS). These values correspond to an almost 
perfect agreement between the observers, with no problem 
at the level of the interobserver analysis. It should be noted 
that in some cases there were a few discrepancies between the 
observers’estimates. Nevertheless, in most of the cases, 116 
(73.9%) on the RS and 121 (77.6%) on the LS, the differ-
ence was at most 12 months. Moreover, the mean difference 
between the estimates from the two observers for the right (as 
well as for the left) side was 4 months, revealing concordant 
results between the observers.
Right	side	versus	left	side
The difference between the two estimates was on aver-
age 0.07 months. However, in one individual the difference 
between the two estimates was 36 months; in 7 individuals 
the difference between the two estimates was 24 months (in 
3 the right estimate was higher than the left and the other 4 
the opposite); in 40 individuals it was 12 months (in 23 the 
right estimate was higher than the left and in the remaining 
17 the opposite was the case) and in the remaining 115 cas-
es (70.6% of the sample) the estimates were identical. In the 
application of the Wilcoxon non-parametric test for compar-
ison of medians in related samples, the test p-value was 0.864 
and, therefore, there is no evidence that the median of the 
two estimates is different. This analysis seems to illustrate that 
there are no significant differences between the two estimates 
by right versus left sides of the maxilla in a population with 
systemic diseases.
(apsolutna vrijednost od Dif_Right_Lefta). Varijable Dif_
Right_Real (razlika u mjesecima između procijenjene dobi 
na temelju DS-a i kronološke dobi) i Abs_ Dif_Right_Re-
al (apsolutna vrijednost Dif_Right_Reala) izračunate su za 
procjenu točnosti procjene s pomoću Londonova atlasa na 
DS-u. Analogno, za procjene LS-a izračunate su varijable za 
Dif_Left_Real (razlika u mjesecima između procijenjene do-
bi na temelju LS-a i kronološke dobi) i Abs_Dif_Left_Re-
al (apsolutna vrijednost Dif_Left_Reala). Budući da se t-test 
treba upotrijebiti samo za varijable s normalnom distribuci-
jom (što nije slučaj zbog odbacivanja nulte hipoteze u pri-
mjeni Kolmogorov-Smirnovljeva testa u svim varijablama), 




ICC vrijednost unutar ispitivača bila je 0,956 i 0,977 za 
DS i LS (slika 3.), što upućuje na dobru podudarnost jer se 
interval pouzdanosti od 95 % kreće između 0,886 i 0,984 
(DS) te između 0,938 i 0,991 (LS). Kad je riječ o podudar-
nosti između promatrača ICC-a za DS, iznosio je 0,923, a za 
LS 0,927 (slika 4.), s intervalom pouzdanosti od 95 % u ras-
ponu između 0,895 i 0,944 (DS), te 0,9 i 0,947 (LS). Te vri-
jednosti odgovarale su gotovo savršenoj podudarnosti između 
promatrača, bez problema na razini analize između promatra-
ča. Treba napomenuti da u nekim slučajevima postoji neko-
liko odstupanja između procjena promatrača. Ipak, u većini 
slučajeva – 116 (73,9 %) na DS-u i 121 (77,6 %) na LS-u – 
razlika je bila najviše 12 mjeseci. Štoviše, prosječna razlika iz-
među procjena dvaju promatrača za desnu (i za lijevu) stranu 
iznosila je četiri mjeseca, otkrivajući podudarne rezultate iz-
među promatrača.
Desna	strana	nasuprot	lijevoj	strani
Razlika između dviju procjena bila je u prosjeku 0,07 
mjeseci. No kod jednog ispitanika bila je 36 mjeseci, kod 
njih 7 iznosila je 24 mjeseca (u 3 slučaja je procjena desno 
bila veća nego lijevo, a kod ostala 4 suprotna), kod 40 ispita-
nika razlika je bila 12 mjeseci (kod 23 je desno procjena bila 
veća nego lijevo, kod ostalih 17 bilo je suprotno), a u ostalih 
115 slučajeva (70,6 % uzorka) procjene su bile jednake. Pri-
mjenom Wilcoxonova neparametrijskog testa za usporedbu 
medijana u povezanim uzorcima, p-vrijednost je bila 0,864 i 
zato ne postoje dokazi da je medijan dviju procjena različit. 
Čini se da ta analiza pokazuje kako nema značajne razlike iz-














































ICC Upper limit Lower Limit 
Left side 0,977 0,991 0,938 









Slika 4. 	 Podudarnost	između	ispitanika
Figure 6	 Differences	between	under	and	over	16	years	of	age
Slika 6.	 Razlike	između	dobnih	skupina	mlađih	i	starijih	16	godina


































ICC Upper limit Lower Limit 
Left side M vs L 0,927 0,947 0,900 




















72 1 1 
-48 1 1 
-36 4 2 
-24 9 8 
-12 24 27 
0 53 53 
12 39 41 
24 11 11 
36 5 2 
48 8 8 
60 2 2 
Total 157 156 
Absent 6 7 
m16 Right m16 Left M16 Right M16 Left 
Russell (p-value) 0,532 0,859 0,000 0,000 




























UNDER 16 YEARS OLD VERSUS OVER 16 
YEARS OLD 
Right vs Real Left vs Real Righ vs Left 
Under 6 years 0,395 0,268 0,564 
7-12 years 0,453 0,311 1,000 
13-16 years 0,006 0,026 0,477 
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FG Right FG Left MG Right MG Left 
Russell (p-value) 0,032 0,052 0,000 0,000 
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Accuracy	of	estimates
The underestimation using the London Atlas, by the left 
side was on average 11.64 months. The observed maximum 
underestimation error was 123 months. The observed maxi-
mum error of overestimation was 67 months and the average 
error of estimation (in absolute value) was about 22 months. 
The p-value of the Wilcoxon’s non-parametric test for related 
samples, that is, comparison of the right side estimates with 
the real age was equal to 0.000. Therefore, there was evidence 
that the median is different.
The underestimation using the London Atlas by the left 
side is on average 11.71 months. The observed maximum un-
derestimation error was 123 months. The maximum error of 
overestimation was 67 months and the average error of esti-
mation (in absolute value) was about 22.31 months. In the 
application of the Wilcoxon non-parametric test for compar-
ison of medians in related samples, the value of the p-val-
ue was 0.000. Thus, there is evidence that the median of the 
left side estimates is different from the median of chronolog-
ical age.
Hence, it seems that the estimates obtained on both sides 
are biased, i.e., a systematic error was made when using this 
estimation procedure.
Gender
When splitting the data in gender groups (FG versus 
MG) there were 87 MG and 76 FG. The results for both 
genders showed issues in the accuracy of estimates (Figure 
3), with significant differences between estimates and chron-
ological ages, although one p-value was slightly higher than 
5%. Moreover, no significant differences were found in the 
non-parametric test to compare MG with the FG: p-values = 
0.133 for Dif_Right_Real (MG versus FG); p-value = 0.073 
for Dif_Left_Real (MG versus FG); and p-value = 0.563 for 
Dif_Right_Left (MG versus FG). Therefore, the results reveal 
no significant differences between MG and FG (Figure 5).
Age	Groups
When splitting the data into age groups, substantial dif-
ferences were observed between the groups of under the age 
of 16 (m16) with 93 individuals and at least 16-years of age 
(M16) with 70 individuals. There was an average error of un-
derestimation of 0.75 months (RS) and 0.37 months (LS) 
in m16 and 26.10 months (RS) and 26.79 months (LS) on 
M16. Thus, while m16 reveals no significant differences be-
tween estimates and chronological ages, M16 clearly denotes 
biased estimates (Figure 6) in the application of non-para-
metric tests. Moreover, the London Atlas has proven to be a 
good method to identify patients under the age of 16. 
Thus, in this study, the success rate for properly classify-
ing children under 16 years of age (those who must be pro-
tected) was 96.8% (right and left), and a considerable success 
rate of 75.7% for properly classified on the RS and 74.3% on 
the LS for individuals of at least 16 years of age.
When the data were separated into the subgroups of those 
up to 6 years, between 7 and 12 years, between 13 and 16 
years, and at least 17 year-olds, the results of the age estima-
tion were different. For those under 6 years of age (overesti-
mation, on average, of 4.57 months on RS and 2.86 months 
Točnost	procjena
Primjenom Londonova atlasa na lijevoj strani dob je u 
prosjeku podcijenjena za 11,64 mjeseca. Maksimalna pogreš-
ka podcjenjivanja iznosila je 123 mjeseca, maksimalna po-
greška precjenjivanja dobi iznosila je 67 mjeseci, a prosječna 
pogreška procjene (u apsolutnoj vrijednosti) oko 22 mjeseca. 
P-vrijednost Wilcoxonova neparametrijskog testa za uspored-
bu procijenjene i stvarne dobi iznosila je 0,000. Tako je doka-
zano da je medijan različit.
Primjenom Londonova atlasa na lijevoj strani dob je u 
prosjeku podcijenjena za 11,71 mjesec, maksimalna pogreška 
podcjenjivanja dobi iznosila je 123 mjeseca, maksimalna po-
greška precjenjivanja dobi bila je 67 mjeseci, a prosječna po-
greška procjene (u apsolutnoj vrijednosti) oko 22,31 mjesec. 
Primjenom Wilcoxonova neparametrijskog testa za uspored-
bu medijana u povezanim uzorcima, p-vrijednost iznosila je 
0,000. Dakle, postoje dokazi da se medijan procjene na lije-
voj strani razlikuje od medijana kronološke dobi.
Stoga se čini da su procjene dobivene na objema strana-
ma pristrane, tj. da je učinjena sustavna pogreška u postup-
ku procjene.
Spol
Podjelom podataka na spolne skupine (Ž prema M) bi-
lo je 87 dječaka i mladića i 76 djevojčica i djevojaka. U oba 
spola ustanovljeni su problemi s točnošću procjene (grafikon 
3.) sa značajnim razlikama između procijenjene i kronološke 
dobi, iako je p-vrijednost nešto viša od 5 %. Štoviše, nisu pri-
kazane značajne razlike u neparametrijskim testovima za us-
poredbu muškoga i ženskoga spola: p-vrijednosti = 0,133 za 
Dif_Right_Real (M prema Ž; p-vrijednost = 0,073 za Dif_
Left_Real (M prema Ž); i p-vrijednost = 0,563 za Dif_Right_
Left (M u odnosu prema Ž). Pritom rezultati nisu pokazali 
značajne razlike između muškoga i ženskoga roda (slika 5.).
Dobne	skupine
Podjelom podataka na dobne skupine uočene su znatne 
razlike između skupine mlađih od 16 godina (m 16) s 93 is-
pitanika i starijih od 16 godina (M 16) sa 70 ispitanika. Po-
stojala je prosječna pogreška podcjenjivanja od 0,75 mjeseci 
(DS) i 0,37 mjeseci (LS) u skupini m 16 i 26,10 mjeseci (RS) 
i 26,79 mjeseci (LS) u skupini M 16. Dakle, dok u skupini 
m 16 primjenom neparametrijskih testova nisu ustanovlje-
ne značajne razlike između procijenjene i kronološke dobi, u 
skupini M 16 uočene su pristrane procjene (slika 6.). Štoviše, 
Londonov atlas pokazao se kao dobra metoda za prepozna-
vanje pacijenata mlađih od 16 godina. Dakle, u ovom istra-
živanju kod 96,8 % (desna i lijeva strana) djece mlađe od 16 
godina uspješno je procijenjena dob (one koja moraju biti za-
štićena), a u skupini starijoj od 16 godina 75,7 % na desnoj 
strani i 74,3 % na lijevoj strani. 
Kada se podatci razdvoje u podskupine do 6 godina, iz-
među 7 i 12 godina, između 13 i 16 godina i najmanje 17 go-
dina, također su zabilježeni različiti rezultati u procjeni dobi. 
Za mlađe od 6 godina (precjenjivanje u prosjeku za 4,57 mje-
seci na desnoj strani i 2,86 mjeseci na lijevoj strani) i 7 do 12 
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on LS) and the 7 to 12 years old (overestimation, on aver-
age, of 2.02 months on both sides) the results were not bi-
ased, i.e. the differences between estimates and chronological 
ages were not statistically significant. For those between 13-
16 years old (underestimation of on average 7.95 months on 
RS and 6.97 months on LS) and at least 17 years old (under-
estimation, on average, of 29.23 months on RS and 29.83 
months on LS) the results were biased with a statistically sig-
nificant underestimation error (Figure 7).
Disease
A division was made into a group where no repercussions 
in the mineralization and dental eruption were apparent and 
a group where dental repercussions were evident. The reper-
cussions group was divided into several sub-groups where we 
divided the systemic diseases into Down’s syndrome, chro-
mosomic alterations, syndromes and central nervous system 
(Table 2). Comparing all of the six groups, in the non-para-
metric hypothesis tests, we reached the following conclu-
sions: p-value = 0.255 (right versus real); p-value = 0.579 (left 
versus real); p-value = 0.796 (right versus left). When compar-
ing the medians of the three variables under analysis, the re-
sults reveal no significant differences between the six groups.
Comparing the data from both groups (Table 3), we can 
verify that the average and the median of the difference be-
tween estimated and chronological age in the control group 
is much lower than in the group with dental repercussions, 
which implies that the estimates are less accurate in the group 
with dental repercussions, despite the minimum and the 
maximum estimation errors are higher in the control group. 
stranama), rezultati nisu bili pristrani, tj. razlike između pro-
cijenjene i kronološke dobi nisu bile statistički značajne. Za 
ispitanike između 13 i 16 godina (podcjenjivanje u prosjeku 
za 7,95 mjeseci na desnoj strani i 6,97 mjeseci na lijevoj stra-
ni) i najmanje 17 godina (podcjenjivanje u prosjeku za 29,23 
mjeseca na desnoj strani i 29,83 mjeseca na desnoj strani) re-
zultati su bili pristrani, sa statistički značajnom pogreškom u 
podcjenjivanju (slika 7.).
Bolesti
Podjela je učinjena na skupinu u kojoj nisu bile vidlji-
ve posljedice na mineralizaciju i erupciju zuba te na skupinu 
s vidljivim posljedicama za zube. Skupina s posljedicama za 
zube podijeljena je u nekoliko podskupina. tako su sistemske 
bolesti razvrstane na Downov sindrom, kromosomske pro-
mjene, sindrome i bolesti središnjega živčanog sustava (tabli-
ca 2.). Nakon usporedbe svih šest skupina, na temelju ne-
parametrijskih testova zaključeno je sljedeće: p-vrijednost = 
0,255 (desna prema stvarnoj); p-vrijednost = 0,579 (lijeva 
prema stvarnoj); p-vrijednost = 0,796 (desna prema lijevoj). 
Kada su uspoređeni medijani triju analiziranih varijabli, re-
zultati nisu pokazivali značajne razlike između šest skupina.
Uspoređujući podatke iz obiju skupina (tablica 3.), mo-
že se potvrditi da su prosjek i medijan razlike između procije-
njene i kronološke dobi u kontrolnoj skupini mnogo niži ne-
goli u skupini s posljedicama na zube, što upućuje na to da su 
procjene manje točne u skupini s posljedicama na zube, una-
toč tomu što su minimalne i maksimalne pogreške procjene 
veće u kontrolnoj skupini. Kad je riječ o razlikama između 
HSM FMDUL
Gender • Spol Gender • Spol
Male • Muški Male • Muški
Score • Rezultat Score • Rezultat Score • Rezultat
Chronological age • Kronološka dob 4 0 0 1
5 1 0 1
6 0 0 2
7 1 2 0
8 5 0 1
9 0 1 3
10 2 3 8
11 3 3 2
12 1 1 3
13 7 0 1
14 2 2 2
15 1 1 2
16 2 1 4
17 1 2 5
18 1 1 4
19 1 2 4
20 0 1 5
21 0 0 4
22 2 0 5
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As for the difference between RS and LS, there are no sig-
nificant differences. The results of the comparison of these 
groups were the following: p-value = 0.044 (right versus real); 
p-value = 0.076 (left versus real); p-value = 0.630 (right versus 
left). The results show a discrepancy in the estimation of right 
versus real and left versus real which prevents us from making 
a full conclusion as to whether exits significant differences in 
estimates accuracy between these two groups. One of the p-
value is higher than the 5% significance; therefore, based on-
ly on the p-value, the null hypothesis should not be rejected 
for left versus real, but is rejected for right versus real. Thus, it 
seems that we are on the threshold of rejecting and not reject-
ing the null hypothesis, because it does not detect differences 
between the left and right estimates, nor between the left es-
DS-a i LS-a, one nisu bile statistički značajne. Rezultati uspo-
redbe tih skupina bili su sljedeći: p-vrijednost = 0,044 (desna 
prema stvarnoj); p-vrijednost = 0,076 (lijeva prema stvarnoj); 
p-vrijednost = 0,630 (desna prema lijevoj). Rezultati poka-
zuju neusklađenost u procjeni na desnoj strani prema stvar-
noj dobi i na lijevoj strani prema stvarnoj dobi, što sprječava 
donošenje cjelovitog zaključka o tome postoje li značajne ra-
zlike u točnosti procjene između tih dviju skupina. Jedna od 
p-vrijednosti bila je veća od 5-postotne vrijednosti, pa se nul-
ta hipoteza ne smije odbaciti  za lijevu stranu u odnosu pre-
ma stvarnoj dobi, nego samo za desnu stranu u odnosu pre-
ma stvarnoj dobi. Zato se čini da smo na pragu odbacivanja 
i prihvaćanja nulte hipoteze jer nisu ustanovljene razlike iz-
među procjena na lijevoj i desnoj strani, ni između procjene 
Down's 








Central Nervous  
System •  
Središnji živčani sustav
Others • Ostalo
Pathologies with no 
dental symptoms •  
Patologije s dentalnim 
simptomima
Chromosome 1 deletion 
• Delecija kromosoma 1
Cornelia de Lange 
syndrome • De Langeov 
sindrom
Cerebral palsy • 
Cerebralna paraliza
Arthrogryposis cognitive 
deficits • Artrogripoza 
kognitivni deficit
21 Alpha hydroxybase 
deficiency • Deficijencija 
21 alfa hidroksibaze
Chromosome 1 
alteration • Alteracija 
kromosoma 1
De Charge syndrome • 
De Chargeov sindrom
Development delay • 
Kašnjenje u razvoju






deficiency • Deficijencija 
kromosoma 4
DiGeorge syndrome • Di 
Georgeov sindrom
Global development 
delay • Generalizirano 
kašnjenje u razvoju
Autism • Autizam Epilepsy • Epilepsija
Chromosome alteration 
• Alteracija kromosoma




Cognitive impairment • 
Kognitivno oštećenje
Hearing impairment • 
Oštećenje sluha
Deletion chromosome 
16 • Delecija 
kromosoma 16
Kabuki syndrome • 
Kabukijev sindrom
Malformation of central 
nervous System • 
Malformacija središnjega 
živčanog sustava





KGB syndrome • KGB 
sindrom




Metabolic diseases • 
Metaboličke bolesti
Landau Kleffner 




Global cognitive deficit • 
Kognitivni deficit
Muscular dystrophy • 
Mišićna distrofija
McCune syndrome • Mc 
Cuneov sindrom






OTC deficiency • OTC 
deficijencija





Without a closed 
diagnosis • Bez dijagnoze
Polymyositis • 
Polimiozitis
Rett syndrome • Rettov 
sindrom
Slight mental retardation 




Rubiten syndrome • 
Rubitenov sindrom
Severe atopic eczema • 
Atopični ekcemi
Syndrome 47 • Sindrom 
47
Skeletal side root 
syndrome • Koštane i 
dentalne malformacije
Syndrome type 1 • 
Sindrom tipa 1 Spina bifida
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timates and the real values, but detects significant differences 
between the right estimates and the real values.
Discussion
The obtained intraobserver ICC values are slightly high-
er than in AlQahtani (0.879) (23) and Cesário et al (0.925) 
(16) but lower than in Pavlović et al (26) (0.998 and 0.997 
for RS and LS, correspondingly). As for Pinchi et al (6) they 
reported a 93% agreement.
Regarding the interobserver reliability, the obtained val-
ues are in concordance with findings of Pinchi et al (6) which 
have an interobserver agreement of 90%.
One of the main goals of this work was to analyze wheth-
er there are noteworthy differences between chronological 
and estimated age. The Atlas of AlQahtani (25) was selected 
as the method of estimation since, compared with other atlas 
methods, it is the one with the best results, as it has showed 
no bias (p=0.720) and correctly estimated 53% of the cases 
in the original thesis (16, 25).
In this study, the results reveal that there were some errors 
in the estimates for both RS and LS. For comparison purpos-
es, the results from the study of Cesário et al (16), Pavlović et 
al (26) and Pinchi et al (6) were used. The performance test 
showed a statistically significant difference between age esti-
mation and chronological age. It seems that the estimates ob-
tained on both sides are biased, i.e., a systematic error was 
made (Right: author p=0.000; Pavlović p=0.104; Left: author 
p=0.000; Pavlović p=0.052). Thus, these results are not con-
sistent with Pavlović et al (26), knowing that the main differ-
ence between these studies was the population at hand, i.e. 
patients with syndromes. Furthermore, the error was consis-
tent between sides and no significant difference between age 
estimation using the RS or the LS (author p=0.864; Pavlović 
p=0.066) was perceived. For the author the maximum un-
derestimation was 123 months, (Pavlović 91 months), while 
the maximum overestimation was 67 months (Pavlović 79 
months) (26).
Another main goal was to analyze if there were any differ-
ences between those under or at least 16 years of age (m16 vs 
M16). In both age groups there was a tendency to underesti-
mate in this study, although AlQahtani (25) and Cesário et al 
(16) came to the opposite conclusion. The average underesti-
mation error in the age group m16 was much lower than in the 
opposite age group M16 (0.75 months right and 0.37 months 
left for m16 and 26.10 months right and 26.79 months left for 
M16), although the difference between sides was almost negli-
gible (6). Furthermore, the results obtained revealed that there 
was no evidence that the median of the estimates is different 
from the median of chronological age in the under 16 years 
of age group (right: author p=0.532; Pavlović p=0.000; left: 
author p=0.859; Pavlović p=0.000) while in the M16 group 
the difference seems to be significant (right: author p=0.000; 
Pavlović p=0.105; left: author p=0.000; Pavlović p=0.161). 
Hence, authors obtained opposite results for these age groups. 
This can be explained by the fact that populations examined 
are distinct, and when patients with (more likely to have) slow-
er tooth development are included, estimates should further 
na lijevoj strani i stvarne vrijednosti, ali su postojale značajne 
razlike između procjene na desnoj strani i stvarne vrijednosti.
Rasprava
Dobivene ICC vrijednosti unutar promatrača bile su ne-
što veće negoli kod Al-Qahtanija (0,879) (23) i Cesárija i su-
radnika (0,925) (16), ali niže negoli kod Pavlovića i surad-
nika (26) (0,998 i 0,997 za RS i LS). Pinchi i suradnici (6) 
prijavili su 93 % podudarnosti.
Kad je riječ o podudarnosti između ispitanika, dobivene 
vrijednosti bile su u skladu s Pinchijem i suradnicima (6) kod 
kojih je ona iznosila 90 %.
Jedan od glavnih ciljeva ovoga rada bio je analizirati po-
stoje li uočljive razlike između kronološke i procijenjene do-
bi. Za metodu procjene odabran je Atlas Al-Qahtanija (25) 
jer su u usporedbi s drugim takvim metodama njime posti-
gnuti najbolji rezultati bez pristranosti (p = 0,720) s isprav-
nom procjenom u 53 % slučajeva (16,25).
U ovom istraživanju rezultati su pokazali da je bilo nekih 
pogrešaka u procjenama i za DS i za LS. Za usporedbu su ko-
rišteni rezultati Cesárija i suradnika (16), Pavlovića i suradni-
ka (26) i Pinchija i suradnika (6). Test performansi pokazao 
je statistički značajnu razliku između procijenjene i krono-
loške dobi. Čini se da su procjene dobivene na objema stra-
nama bile pristrane, tj. učinjena je sustavna pogreška (desno: 
autor p = 0,000; Pavlović p = 0,104; lijevo: autor p = 0,000; 
Pavlović p = 0,052). Prema tome, ti rezultati nisu u skladu s 
onima Pavlovića i suradnika (26), no moramo imati na umu 
da je glavna razlika između tih istraživanja bila populacija. 
Uz to, pogreška je između strana bila konzistentna i nije uo-
čena značajna razlika između procjene dobi na DS-u ili LS-
u (autor p = 0,864; Pavlović p = 0,066). U ovom radu dob je 
maksimalno podcijenjena za 123 mjeseca (Pavlović 91 mje-
sec), a maksimalno precijenjena za 67 mjeseci (Pavlović 79 
mjeseci) (26).
Drugi glavni cilj bio je analizirati postoje li razlike izme-
đu dobnih skupina ispod i iznad 16 godina (m 16 u odno-
su prema M 16). U objema je u ovom istraživanju postojala 
tendencija podcjenjivanja, iako su Al-Qahtani (25) i Cesário 
i suradnici (16) zaključili suprotno. Prosječna pogreška pod-
cjenjivanja u dobnoj skupini m 16 bila je mnogo manja ne-
goli u dobnoj skupini M 16 (0,75 mjeseci desno i 0,37 mjese-
ci lijevo za m 16 i 26,10 mjeseci desno i 26,79 mjeseci lijevo 
za M 16), iako je razlika između strana bila gotovo zanemari-
va (6 ). Nadalje, dobiveni rezultati otkrivaju da nije bilo do-
kaza da se medijan procjena razlikuje od medijana kronološ-
ke dobi u dobnoj skupini mlađoj od 16 godina (desno: autor 
p = 0,532; Pavlović p = 0,000; lijevo: autor p = 0,859; Pavlo-
vić p = 0,000), a u skupini M 16 razlika se čini značajnom 
(desno: autor p = 0,000; Pavlović p = 0,105; lijevo: autor p 
= 0,000; Pavlović p = 0,161). Stoga su autori dobili suprotne 
rezultate za te dobne skupine. To se može objasniti činjeni-
com da su populacije bile različite, a kada se uključe i pacijen-
ti s usporenim razvojem zuba, procjenom bi se mogla dodat-
no podcijeniti dob. Zato se pretpostavlja da je u slučajevima 
u kojima je dob precijenjena taj problem manje izražen, a u 
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underestimate age. It is therefore expected that when there is 
an overestimation, this problem is lower, while if there is an 
underestimation, the problem is even more serious. Due to the 
results obtained in the m16 and M16 groups, we have decided 
to perform a separate analysis wherein the sample was divided 
into different age groups. Out of these, in the under 6 and 7 to 
12 year- old groups, the estimates were unbiased with a trend 
towards overestimation. However, the age groups of 13 to 16 
years of age and above 17 years of age, the estimates were bi-
ased with a trend towards underestimation.
Conclusions
From the results obtained in this study the following con-
clusions, related to the formulated experimental hypothe-
ses, can be drawn: Chronological versus estimated age: there 
were statistically significant differences, revealing that the es-
timates using the Atlas of AlQahtani are biased in the popula-
tion with special needs. The difference between under (m16) 
and over (M16) 16 years of age: the estimation error in M16 
is significant and much higher than in m16 where the esti-
mation errors are not significant. Moreover, the use of the 
obtained estimates to identify individuals younger than 16 
years old reveals a good accuracy. Thus, the Atlas of AlQa-
htani can be used as a method in age estimation for legal 
purposes, but with caution towards the 16-year threshold. 
There were no statistically significant differences in the accu-
racy of the estimates obtained using the left side and the right 
side. The choice of side is, therefore, irrelevant. There were no 
statistically significant differences in the accuracy of the esti-
mates between genders. It seems, therefore, that the same at-
las can be used for both genders. When the sample was divid-
ed into with and without dental repercussions: those persons 
with systemic diseases with dental manifestations had a much 
higher error in underestimation. Therefore, the midpoint in 
these cases should be clearly enlarged for persons with Down’s 
syndrome, chromosomic alterations, syndromes and central 
nervous system disorders. As for those without dental mani-
festations, the midpoint should also be reassessed in some ag-
es, but the correction will not be significant.
Hence, there was a general prevalence for underestima-
tion, except for the age groups of under the age of 6 and 7 
to 12. We also confirm the fact that it is easier to classify and 
estimate age in patients under 16 than over 16 years of age. 
As these types of subjects tend to move moderately during 
the radiological examination, it would be of great value that 
the OPGs are of high quality. If possible, the use of CBCT, 
which provides better imaging, is recommended. Regarding 
the sample size, some of the groups analyzed had a very low 
number of subjects; therefore the conclusions that could be 
drawn were suggestive and preliminary. We suggest further 
research with larger international samples to create adequate 
atlases for all the required scenarios, mainly, charts for per-
sons with systemic diseases aged approximately 16.
tata dobivenih u skupinama m 16 i M 16, odlučili smo se na 
zasebnu analizu u kojoj je uzorak podijeljen u različite dobne 
skupine. Od toga su u skupinama mlađih od 6 i 7 do 12 go-
dina, procjene bile nepristrane s tendencijom precjenjivanja. 
No u dobnim skupinama od 13 do 16 i starijih od 17 godi-
na, procjene su bile pristrane, s tendencijom podcjenjivanja.
Zaključci
Iz rezultata dobivenih u ovom istraživanju može se zaklju-
čiti sljedeće u vezi s predloženom eksperimentalnom hipo-
tezom: kronološka dob u odnosu prema procijenjenoj dobi: 
postoje statistički značajne razlike koje otkrivaju da su procje-
ne nakon korištenja Al-Qahtanijeva Atlasa pristrane u popu-
laciji s posebnim potrebama; razlika između skupina mlađih 
(m 16) i i starijih (M 16) od 16 godina: pogreška procjene u 
skupini M 16 bila je dosta značajna i mnogo veća negoli u m 
16, gdje nije bila značajna; nadalje, korištenje dobivenih pro-
cjena za identifikaciju osoba mlađih od 16 godina pokazuje 
dosta veliku točnost; zato se Al-Qahtanijevim Atlasom mo-
žemo koristiti kao metodom procjene dobi u pravne svrhe, 
ali s oprezom prema granici od 16 godina; nema statističke 
značajne razlike u točnosti procjena na lijevoj i desnoj stra-
ni, pa izbor strane nije važan; nema statistički značajne ra-
zlike u točnosti procjene među spolovima: zato se čini da se 
istim Atlasom možemo koristiti za oba spola; kad je uzorak 
podijeljen na stanje s posljedicama i bez posljedica na zube, 
kod osoba sa sistemskim bolestima sa zubnim manifestacija-
ma, pogreška u obliku podcjenjivanja bila je mnogo veća; sto-
ga bi se trebala posvetiti pozornost slučajevima s Downovim 
sindromom, kromosomskim promjenama, sindromima i po-
remećajima središnjega živčanog sustava; kad je riječ o onima 
bez zubnih manifestacija, sredinu bi također trebalo preispi-
tati u nekim dobnim skupinama, ali korekcija neće biti toli-
ko značajna.
Dakle, postojala je opća tendencija podcjenjivanja dobi, 
osim u dobnim skupinama mlađima od 6 i od 7 do 12 go-
dina. Također se pokazalo da je lakše klasificirati i procijeni-
ti dob pacijenata mlađih od 16 godina negoli onih starijih od 
16 godina. Budući da su ti ispitanici umjereno nemirni tije-
kom rendgenskog snimanja, važno je da su ortopantomogra-
mi kvalitetni, a ako je moguće, dobro je koristiti se CBCT-
om koji daje bolje prikaze. S obzirom na veličinu uzorka, u 
nekima od analiziranih skupina bio je vrlo mali broj sluča-
jeva, pa su zaključci sugestivni i preliminarni. Predlažemo 
daljnja istraživanja na većim međunarodnim uzorcima ka-
ko bismo stvorili adekvatne atlase za sve potrebne situacije, 
uglavnom dijagrame za osobe sa sistemskim bolestima pri-
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